City University of New York (CUNY)

CUNY Academic Works
International Conference on Hydroinformatics
2014

Graphic User Interface To Preprocess Landsat TM, ETM+ And OLI
Images For Hydrological Applications
Rafael Pimentel
Javier Herrero
María José Polo

How does access to this work benefit you? Let us know!
More information about this work at: https://academicworks.cuny.edu/cc_conf_hic/310
Discover additional works at: https://academicworks.cuny.edu
This work is made publicly available by the City University of New York (CUNY).
Contact: AcademicWorks@cuny.edu

11th International Conference on Hydroinformatics
HIC 2014, New York City, USA

GRAPHIC USER INTERFACE TO PREPROCESS LANDSAT TM,
ETM+ AND OLI IMAGES FOR HYDROLOGICAL APPLICATIONS
PIMENTEL R (1), HERRERO J (1), POLO M J (2)

(1): Fluvial Dynamics and Hydrology Research Group, Andalusian Institute for Earth System
Research, University of Granada, Edificio CEAMA Av. Mediterraneo s/n, 18006, Granada,
Spain
(2): Fluvial Dynamics and Hydrology Research Group, Andalusian Institute for Earth System
Research, University of Cordoba, Campus Rabanales, Edificio Leonardo Da Vinci, Área de
Ingeniería Hidráulica, 14017, Cordoba, Spain
This work presents a graphic user interface (GUI), developed in MATLAB, which comprises all
the preprocessing steps required to correct a Landsat TM, ETM+ and OLI. The only inputs
required by the GUI are the metadata file of each Landsat image together with the digital
elevation model (DEM) of the study area. The users can select among different preprocessing
steps depending on their needs: (1) radiometric calibration, (2) atmospheric correction, (3)
saturation problem and (4) topographic correction. The users can also choose the format of the
output images (ascii ArcGIS, ascii ENVI and GEOTIFF) based on their final applications. This
GUI allows faster results than other Landsat image preprocessing applications, due to the
analysis of particular selected areas and the inclusion of a simple but accurate atmospheric
correction.
INTRODUCTION
Hydrological models, mainly those that are based on physical approaches and make their
calculation in a distributed way, need distributed observation of the model state variables to
calibrate and validate their GIS-based calculation. Satellite remote sensing techniques are a
powerful tool for acquiring this information since they have the ability to measure hydrological
variables (e.g. snow cover, water quality, land use and vegetation) and their evolution on
spatial, spectral and temporal domains. In general, these techniques infer surface variables from
measurements of the electromagnetic radiation of the land surface [1]. Within the large amount
of satellite remote sensing information (e.g. NOAA, daily images with 1 x 1 km cell size;
MODIS, daily images with 250 x 250m cell size; Landsat, 16-day images with 30 x 30 m cell
size), the selection of one or another is closely related to the scale of the processes studied. In
semiarid regions, such as Mediterranean environments, the extreme variability of weather
agents means that a high spatial resolution is needed to obtain an accurate representation of the
hydrological process. Thus, Landsat imagery is usually employed over these areas [2] [3].
Besides, they currently offer the longest and most consistent historical archive of satellite data
as they are able to capture large evolution changes [4].
Landsat images (TM, ETM+ and OLI) require several levels of preprocessing: a) to obtain
the reflectance values needed to calculate the diverse hydrological variables; b) to distinguish
between the possible product artifacts and the true changes in the Earth processes; and c) to be
able to compare acquired images on different dates under different acquisition conditions [5].
This preprocessing is usually composed of both radiometric calibration and atmospheric
correction. Stages where rescaling factors are needed to transform the encoded Digital Numbers
(DNs) to absolute units of spectral radiance [6]; and atmospheric effects that modify the

radiation between sensor and surface, e.g. the scattering produced by water vapor and aerosol or
the appearance of clouds are suppressed [7] [8]. However, if the study area is on rough terrain,
added difficulties appear. In these cases, the changeable illumination conditions throughout the
year produce topographic shade on the scene. Thus, a topographic correction is needed to
equalize sunny and shaded areas [9]. Moreover, saturation problems can appear over specific
land surface cover, when the configuration of the sensor is not able to scan correctly and, thus, a
saturation radiometric correction is needed. Therefore, four preprocessing steps could be
required for a correct obtainment of reflectance values.
According to all these consideration the aim of this work is to develop an interactive tool,
which includes the entire preprocessing steps required to obtain the reflectance value from
Landsat TM, ETM+ and OLI and enable one to select between the different steps, since,
depending on the study problem, not all these four stages are required: 1) Radiometric
calibration; 2) Atmospheric correction; 3) Saturation Correction; and 4) Topographic
correction.
MATERIAL AND METHODS
Landsat images
Landsat program began in the early 1970`s and different missions with increased sensor
technologies have been placed in orbit on board satellites. Within the different satellites, this
study has been carried out to preprocess images coming from Landsat 4 (L4) and Landsat 5
(L5), which carry the Thematic Mapper (TM), Landsat 7 (L7), which includes the Enhanced
Thematic Mapper Plus (ETM+) and Landsat 8 (L8) with the Operational Land Imager (OLI).
Table 1 presents different information about the Landsat satellites analyzed.
Table 1. General information about each Landsat satellites analyzed
Satellite

Sensor

Launch date

Decommission

Landsat 4
Landsat 5
Landsat 7
Landsat 8

TM
TM
ETM+
OLI

July 16, 1982
March 1, 1984
April 15, 1999
February 11, 2013

June 30, 2001
January, 2013
Operational
Operational

Altitude
(km)
705
705
705
705

Inclination
(degrees)
98.20
98.20
98.20
98.20

Repeat
cycle (days)
16
16
16
16

Each image is composed of different band throughout the electromagnetic spectrum, whose
denomination changes depending on the satellite studied. Only the bands located in the visible
and near infrared areas of the spectrum are taken into account in this study.
Preprocessing stages
Figure 1 shows the different steps in the preprocessing of a Landsat image. As mentioned
before, in certain cases not all the corrections are made. Radiometric calibration and
atmospheric correction are always required, the former to obtain physical magnitude (radiance
Wm-2sr-1µm-1) of encoded photograph information and the latter to give a reflectance value free
of atmospheric effects (range from 0 to 1). On the contrary, saturation and topographic
correction are only needed when a land surface is saturated and when the mountainous terrain
produces shadows on the scene. The following subsections describe each one of these
processes.

Figure 1. Flow chart of the preprocessing stage of a Landsat image

Radiometric calibration
This first obligatory stage consists of the transformation of calibrated digital number (Qcal) of
the Landsat images into absolute units of at-sensor spectral radiance (Lλ). Different rescaling
factors depending on the band analyzed, sensor and configuration gain are required to obtain the
radiance value [6]. This information is available in the metadata file which goes with each
Landsat image.
Atmospheric correction
Electromagnetic radiation travels two ways through the atmosphere, from the sun to the land
surface and from the latter to the satellite. While it travels, different processes, such as
scattering and absorption by gases, aerosol and water vapor, modify its properties. Thus, the
effects of these processes have to be removed in the analysis. Different methods of an
increasing difficulty have been described in the literature to achieve this, from image-based
procedures or dark-object subtraction (DOS), to radiative transfer codes (RTCs).
In this study, due to its objective of minimizing the number of inputs and the difficulty in
finding available atmospheric data (e.g. type of aerosols, visibility of the atmosphere or content
of water vapor), DOS was the technique applied. These methods are based on the assumption of
all the scattering effects being the same as that of a blackbody on the scene [10]. Some
simplifications of the reflectance physic equation that relates the at-sensor radiance and the
surface reflectance have also been considered [11]. Among these hypotheses are the
assumptions of: a Lambertian surface, cloudless atmosphere, fixed values for the downwelling
transmittance parameters [12] and neglected values for atmospheric transmittance and diffuse
radiance.
Saturation correction
To obtain better land-cover discrimination on each Landsat scene, the radiometric configuration
of the satellite sensor changes depends on the main land-surface cover present on this scene.
Different categories are defined: (1) land (non-desert, no-ice); (2) desert; (3) ice/snow; (4)
water; (5) sea ice and (6) volcano/night. Occasionally, specific land surfaces constitute a very
small area on the scene. In these cases sensor calibration is not the most adequate process and
some radiometric-saturation problems may appear.
To correct this saturation, the assumption of a high correlation between spectral bands for
snow has been adopted. Based on this hypothesis, a multivariable correlation analysis between
bands is employed to recover the snow saturation pixels [13].
Topographic correction
In mountain areas, the complex topography favors a variation in the reflectance response for
similar land-cover types due to the difference between direct solar and non-solar illuminated
areas. Therefore, a correction homogenizing these differences is necessary, which is the aim of
topographic correction. In this study, a C-correction [14] with land-cover separation algorithm
was employed. This method assumes a Lambertian surface and establishes a linear fit between

the illumination angle and the different band reflectances. Additionally, it takes into account the
diffuse irradiance by a semi-empirical estimation of the C factor. In order to consider the
multiple reflective properties of the different vegetative soil covers, the pixels were classified
into bare soil and vegetated areas by using the Normalized Difference Vegetation Index (NDVI)
[10].
Graphic User Interface
The MATLAB tool for creating GUI was used to develop the application that includes all the
pre-processing steps required to correct Landsat images. Figure 2 shows the final interface,
which allows user employment in an easy way. The GUI is divided into four areas: ZONE A,
load area; ZONE B, preprocessing selection area; ZONE C, visualization area and ZONE D,
save area.
The only inputs required for the GUI are a DEM of the study area and the metadata file of
the Landsat scene. The inclusion of these files in the GUI is done by an interactive browser
button (right ZONE A). These two files are required to select study area from the total Landsat
scene and to apply the topography correction, and to obtain basic information about the Landsat
scene (e.g. radiometric calibration coefficients, time of acquisition, solar parameters). The
selection of the different preprocessing stages is done in ZONE B; the different buttons are
consecutively activated following the flux chart shown in Figure 1. A visualization of the
selected area and some data of the Landsat scene (date and satellite studied) are shown in
ZONE C. In ZONE D the user can select between different formats how to save the result of
each correction. The selection of saved corrections is done by means of the activating the
different check boxes located on the right of each correction. A final button to clear the inputs
and change the images appears in the bottom right area.

Figure 2. GUI tool for preprocessing Landsat images. Four zones can be distinguished: ZONE A, where the two inputs
are loaded; ZONE B, area where the different preprocessing steps can be selected; ZONE C, where the selected area of
the Landsat scene and some data are visualized; and ZONE D, area where the different output format can be selected.

APPLICATION EXAMPLES
Two application examples were used to test the Correction Landsat GUI. The first one
corresponded to a very rough terrain, Sierra Nevada Mountain southern Spain, where
topographic correction was needed to equalize sunny and shaded areas. The second one is an
example in the same location area but, in this case, it aimed to evaluate the saturation
correction. For that purpose, a small snow saturated area was analyzed before and after the
application of the correction.
Mountainous terrain
To evaluate topographic correction a Landsat scene in a mountainous area was selected. Figure
3 shows the study area before and after the application of the topographic correction, in this
case Band 4 is represented.

Figure 3. Band 4 of Landsat scene of 2007/06/24 a) before and b) after topographic correction

In Figure 3 a) shows some shadows in the terrain depending on the aspect of the hillsides,
mainly on the left part. After the application of topographic correction these differences were
reduced, obtaining a more homogeneous terrain (Figure 3 b). To account for this improvement
basic statistics of the reflectance values were calculated in both cases (Table 2). The results
show a negligible difference in maximum, minimum and mean values and a reduction in
standard deviation, which shows the terrain to be less heterogeneous than before the correction.
Table 2. Statistic descriptors of the reflectance value before and after the application of saturation correction
Maximum
Minimum
Mean
Standard Deviation

a) Before topographic correction
0.523
0.019
0.195
0.060

b) After topographic correction
0.526
0.017
0.207
0.045

Snow saturation
To evaluate the saturation correction, a Landsat scene where snow constituted less than 5% and,
thus, was not calibrated as snow images, was selected. A study area where snow appeared was
selected. Figure 4 shows the variation before and after the application of the saturation
correction over Band 1 of the Landsat image.

Figure 4. Band 1of Landsat scene of 2011/03/27 a) before and b) after saturation correction

In Figure 4 a) it can be observed that all the snow pixels have a similar value (snow is
saturated), after the application of the saturation correction (Figure 4 b) small differences
appear over these pixels. To explain this improvement, basic statistics of the reflectance values
of the snow pixels were calculated in both cases over snow area (Table 3). The larger value of
standard deviation after the correction shows that the correction is correctly applied.
Table 3. Statistic descriptors of the reflectance value before and after the application of saturation correction

Maximum
Minimum
Mean
Standard Deviation

a) Before saturation correction
0.526
0.077
0.464
0.055

b) After saturation correction
0.530
0.077
0.475
0.079

CONCLUSION
This GUI is an easy tool for preprocessing Landsat images. Its computer-friendly environment
enables a non-expert remote sensing user to easily correct Landsat images for hydrological
uses. Moreover, it gives faster results than other Landsat preprocessing applications, since it
means working only in particular selected areas and uses a more simple but accurate
atmospheric correction. This is especially efficient when the atmospheric properties needed in a
more complex model are unavailable. Further, it also includes the problematic of selfshadowing due to the rough terrain and saturation problems, which are not comprised in other
specific software where its implementation being necessary in each specific case. Finally, the
different formats of output images permit their inclusion in other software such as ENVI or
ARCGIS, which are frequently used in GIS-based applications. However, some initial
hypotheses, such as cloudless skies, prevent cloudy images from being corrected with this GUI.
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